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Abstract
Background It is unclear whether S-1 plus cisplatin is
effective for patients with recurrent gastric cancer after
adjuvant S-1 chemotherapy.
Methods We retrospectively evaluated the efficacy of S-1
plus cisplatin in patients whose gastric cancer recurred
after adjuvant S-1 chemotherapy.
Results In the 52 patients evaluated, the median duration
of adjuvant S-1 chemotherapy was 8.1 months, and the
median recurrence-free interval (RFI) since the last
administration of adjuvant S-1 was 6.4 months. Among the
36 patients with measurable lesions, 7 achieved a complete
or partial response, and 13 were evaluated as having stable
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disease, for an overall response rate of 19.4% and a disease
control rate of 55.6%. For all patients, the median progres-
sion-free survival (PFS) was 4.8 months, and the median
overall survival (OS) was 12.2 months. Compared with
patients with an RFI of\6 months (n = 25), patients with
an RFI of C6 months (n = 27) had a significantly higher
response rate (5.0 vs. 37.5%, respectively), longer PFS (2.3
vs. 6.2 months, respectively), and longer overall survival
(7.3 vs. 16.6 months, respectively). According to a multi-
variate Cox model including performance status (PS) and
reason for discontinuation of adjuvant S-1, an RFI of
6 months was still significantly associated with PFS and OS.
Conclusions S-1 plus cisplatin is effective for patients
with gastric cancer that recurs after adjuvant S-1 chemo-
therapy, especially for those with an RFI of C6 months.
Keywords Adjuvant chemotherapy  Gastric cancer 
Recurrence  S-1
Introduction
Gastric cancer is the fourth most common malignancy in
the world (988,602 cases in 2008, 7.8% of total malignancy
cases) and the second leading cause of cancer death
(737,419 deaths, 9.7% of total) [1]. The prognosis of
patients with advanced or recurrent gastric cancer remains
poor; chemotherapy confers only a minimal survival
advantage, with a median survival of approximately 1 year.
The most commonly used regimens are combination che-
motherapy consisting of a fluoropyrimidine [5-fluorouracil
(5-FU) or oral fluoropyrimidine] plus a platinum agent with
or without docetaxel or anthracyclines [2–6].
S-1 is an oral anticancer drug composed of the 5-FU
prodrug tegafur and two 5-FU modulators; it has achieved
high response rates in patients with gastric cancer in phase
II studies [7, 8]. In the Japan Clinical Oncology Group
(JCOG) 9912 trial, which compared S-1, cisplatin plus
irinotecan, and 5-FU, S-1 demonstrated non-inferiority
compared to 5-FU [9]. In another phase III trial that
compared S-1 alone to S-1 plus cisplatin (SPIRITS trial),
S-1 plus cisplatin showed a significantly higher response
rate (54 vs. 31%), longer progression-free survival (PFS;
6.0 vs. 4.0 months), and longer overall survival (OS; 13 vs.
11 months) [4]. Also, in a large, non-Japanese, phase III
trial (the First-Line Advanced Gastric Cancer Study;
FLAGS trial), S-1 plus cisplatin was associated with fewer
toxic effects and demonstrated non-inferiority compared
with 5-FU plus cisplatin by exploratory analysis [6].
Therefore, S-1 plus cisplatin is now considered to be one of
the standard regimens for metastatic or recurrent gastric
cancer.
In addition, the ACTS-GC trial has demonstrated that
S-1 is also effective as adjuvant chemotherapy for Japanese
patients who have undergone curative gastrectomy for
locally advanced gastric cancer [10]. However, approxi-
mately 30% of patients still develop recurrence after
curative resection followed by adjuvant S-1 [10]. As few
patients who received adjuvant chemotherapy were inclu-
ded in the phase III trials described above [4, 7, 9], it is
unclear whether patients who develop recurrence after
adjuvant S-1 could achieve efficacy with S-1 plus cisplatin
similar to that achieved in patients without adjuvant che-
motherapy. To address this issue, we conducted the fol-
lowing multi-institutional retrospective analysis.
Patients and methods
Patients
This retrospective study was designed to evaluate the
efficacy of first-line chemotherapy with S-1 plus cisplatin
for recurrence in patients with gastric cancer who had
undergone curative gastrectomy followed by adjuvant S-1
chemotherapy. Patients with histopathologically proven
recurrent gastric adenocarcinoma after gastrectomy and
lymph node dissection with no residual tumor were eligible
for analysis. Additional eligibility criteria were: (1) previ-
ous adjuvant S-1 chemotherapy at a planned standard dose
and schedule (80 mg/m2 for 28 consecutive days followed
by a 14-day rest; 42-day cycles to be repeated for 1 year);
(2) Eastern Cooperative Oncology Group performance
status (ECOG PS) 0–2; (3) adequate bone marrow, hepatic,
and renal function to be treated with S-1 plus cisplatin;
(4) evaluable lesions according to Response Evaluation
Criteria in Solid Tumors (RECIST ver. 1.1); and (5) treated
with a standard regimen of S-1 plus cisplatin (S-1 80 mg/m2
for 21 consecutive days followed by a 14-day rest; cisplatin
60 mg/m2 intravenous infusion on day 8; 35-day cycles to
be repeated) [4]. Written informed consent for treatment
was obtained from each patient prior to treatment initiation.
The Institutional Review Board of each participating center
approved the study.
Evaluation of treatment and statistical analysis
The tumor response was assessed objectively according to
RECIST ver. 1.1, and the best overall response was recor-
ded as the antitumor effect for that patient. The disease
control rate (DCR) represented the percentage of patients
with a complete response (CR), partial response (PR), or
stable disease (SD). PFS was measured from the date of
initiation of S-1 plus cisplatin to the date of progressive
disease or death from any cause. Time to treatment failure
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(TTF) was measured from the date of initiation of S-1 plus
cisplatin to the date of last administration of S-1. OS was
estimated from the date of initiation of S-1 plus cisplatin to
the date of death or last follow-up visit, using the Kaplan–
Meier method. The interval from the last administration of
adjuvant S-1 to recurrence was defined as the recurrence-
free interval (RFI).
The Cox proportional hazards model was used to esti-
mate the impact of the RFI on TTF, PFS, and OS, with
adjustment for other factors that were shown to be signif-
icant with a univariate log-rank test. P values for testing
differences between proportions and response rates were
calculated with v2 tests for homogeneity or for trend, or
with Fisher’s exact test. Results were considered to be
statistically significant when the P value was \0.05. All
reported P values are two-sided. In particular, we com-
pared the response rate, DCR, time to progression (TTP),
PFS, and OS between patients with RFIs of C6 and
\6 months, because several clinical trials in the first-line
setting set this interval of C6 months as an inclusion cri-
terion [5, 9, 11].
Results
Patient characteristics
A total of 406 patients with recurrent gastric cancer after
adjuvant S-1 chemotherapy had received chemotherapy at
18 institutions until October 2010. Among them, 57 patients
(14.0%) had received S-1 plus cisplatin as first-line che-
motherapy for recurrence. After the exclusion of 5 patients
(1 patient with a non-evaluable lesion and 4 patients with
insufficient data), 52 patients were included in the final
Table 1 Patient characteristics
Characteristic All (n = 52) RFI \6 months (n = 25) RFI C6 months (n = 27) P value
Age, years
Median (range) 61 (32–77) 59 (32–77) 62 (32–77)
Gender, n (%)
Male 30 (58) 15 (60) 15 (56) 0.75
Female 22 (42) 10 (40) 12 (44)
ECOG PS at recurrence, n (%)
0 32 (62) 11 (44) 21 (78) 0.012
1 20 (38) 14 (56) 6 (22)
Histological typea, n (%)
wel or mod 27 (52) 10 (40) 17 (63) 0.1
por or sig 24 (46) 15 (60) 9 (33)
Other 1 (2) – 1 (4)
Pathological stagea, n (%)
Stage I or II 8 (15) 4 (16) 4 (15) 0.57
Stage IIIA 17 (33) 6 (24) 11 (41)
Stage IIIB 15 (29) 8 (32) 7 (26)
Stage IV 12 (23) 7 (28) 5 (19)
Site of recurrence, n (%)
Peritoneum 21 (40) 7 (28) 14 (52) 0.08
Lymph node 25 (48) 13 (52) 12 (44) 0.59
Liver 14 (27) 10 (40) 4 (15) 0.041
Lung 4 (8) 3 (12) 1 (4) 0.262
Bone 6 (12) 1 (4) 5 (19) 0.102
Local 2 (4) 1 (4) 1 (4) 0.96
Number of recurrence sites, n (%)
1 38 (73) 18 (72) 20 (74) 0.87
2 or more 14 (27) 7 (28) 7 (26)
P values shown in italics indicate significant differences
RFI Recurrence-free interval, PS performance status, ECOG Eastern Cooperative Oncology Group, wel well-differentiated adenocarcinoma, mod
moderately differentiated adenocarcinoma, por poorly differentiated adenocarcinoma, sig signet-ring-cell-like carcinoma
a According to the Japanese classification
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analysis (Table 1). The median duration of adjuvant S-1
chemotherapy was 8.1 months (range 0.7–37.4 months),
and the median RFI since the last administration of adjuvant
S-1 was 6.4 months (range 0–81.3 months). Thirty of the 52
patients (57.7%) completed the planned duration of adju-
vant S-1 therapy. In contrast, 14 patients discontinued S-1
due to disease recurrence, and 8 patients stopped therapy
due to toxicity or patient refusal. Other than PS and liver
metastasis, characteristics did not differ significantly
between patients with an RFI of C6 months (n = 27) and
those with an RFI of\6 months (n = 25) (Table 1).
Treatment results and efficacy
The median TTF was 4.1 months (95% confidence interval
[CI] 2.5–5.1 months), with a median duration of follow-up
of 32 months. Forty-four patients discontinued S-1 plus
cisplatin due to disease progression (n = 40, 90.9%) or
toxicity (n = 4, 9.1%). Of the 36 patients with measurable
lesions, 7 achieved a CR (n = 3) or a PR (n = 4), and 13
were evaluated as having SD, for an overall response rate
of 19.4% (95% CI 7.0–37.0%) and a DCR of 55.6% (95%
CI 38.1–72.1%). The median PFS was 4.8 months (95% CI
3.9–6.2 months), and the median OS of all patients was
12.2 months (95% CI 10.2–16.6 months) (Fig. 1). Of the
44 patients who had discontinued S-1 plus cisplatin, 31
(70.4%) received second-line or third-line chemotherapy,
including taxanes (n = 25) or irinotecan (n = 17).
Significance of the RFI
The response rate was significantly better in patients with
an RFI of C6 months (37.5%; 95% CI 14–61%) than that
in patients with an RFI of \6 months (5.0%; 95% CI
0–15%, P = 0.014, Table 2). In addition, compared with
patients with an RFI of \6 months, patients with an RFI
of C6 months had a significantly longer TTF (2.5 vs.
5.1 months, respectively, P = 0.025), longer PFS (2.3 vs.
6.2 months, respectively, P \ 0.001, Fig. 2), and longer
OS (7.3 vs. 16.6 months, respectively, P = 0.003, Fig. 2).
According to a multivariate Cox model including PS and
reason for discontinuation of adjuvant S-1, an RFI of
6 months was still significantly associated with PFS (haz-
ard ratio [HR] 0.35, 95% CI 0.16–0.77, P = 0.009) and OS
(HR 0.21, 95% CI 0.08–0.54, P = 0.001), although the
association with TTF was not significant (HR 0.55, 95% CI
0.27–1.12, P = 0.1). When we divided the patients into
two groups based on an RFI of 12 months, no significant
difference between the groups was found in response rate,
TTP, PFS, or OS.
Discussion
In the ACTS-GC study, adjuvant S-1 chemotherapy sig-
nificantly improved the survival of patients who had
undergone curative gastrectomy for locally advanced gas-
tric cancer [10]. On the other hand, several small studies
have suggested that patients with recurrence after adjuvant
S-1 were refractory to S-1-containing regimens or had a
worse prognosis compared with that of patients without
adjuvant chemotherapy [12–14]. Although these reports
never precluded the use of adjuvant S-1 chemotherapy,
they raised the issue of how to treat recurrent disease after
adjuvant S-1.
In the present retrospective study, we evaluated the
efficacy of S-1 plus cisplatin in patients whose gastric
cancer recurred after adjuvant chemotherapy with S-1. The




















Fig. 1 Progression-free survival (PFS) and overall survival (OS) in all
patients. The median PFS was 4.8 months (95% confidence interval
[CI] 3.9–6.2 months), and the median OS was 12.2 months (95% CI
10.2–16.6 months). PFS progression-free survival, OS overall survival
Table 2 Objective response rates in patients with measurable lesions
n CR PR SD PD NE ORR (%) 95% CI (%)
All 36 3 4 13 14 2 18.8 7–32
RFI \6 months 20 0 1 6 13 0 5.0 0–15
RFI C6 months 16 3 3 7 1 2 37.5 14–61
CR Complete response, PR partial response, SD stable disease, PD progressive disease, NE not evaluable, ORR objective response rate, CI
confidence interval
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relatively worse compared with those in the SPIRITS study
[4]. However, our results also suggested that patients with
an RFI of C6 months who received S-1 plus cisplatin had a
significantly better response rate, longer PFS, and longer
OS compared to patients with an RFI of \6 months. The
efficacy of S-1 plus cisplatin for patients with an RFI of
C6 months in this study was almost compatible with that of
patients in the SPIRITS trial in terms of PFS and OS,
although these results should be interpreted cautiously due
to the heterogeneity of the characteristics of the patients in
the two studies. Although no prospective study has evalu-
ated any chemotherapy specifically for patients who have
failed adjuvant S-1, Kang and colleagues [15] conducted a
phase II study of capecitabine plus cisplatin for 32 patients
with gastric cancer that recurred after adjuvant chemo-
therapy with doxifluridine or 5-FU-containing regimens.
They reported a response rate of 28% and a median TTP of
5.8 months, and concluded that capecitabine plus cisplatin
was effective as first-line treatment in patients with recur-
rent gastric cancer after fluoropyrimidine-based adjuvant
chemotherapy. In their report, the response rates (21 vs.
39%, P = 0.427), TTF (8.3 vs. 5.4 months, P = 0.072),
and OS (14.1 vs. 9.3 months, P = 0.075) tended to be
better in patients with an RFI of [6 months (n = 13) than
in patients with an RFI of B6 months (n = 19), although
the differences did not reach statistical significance [15].
These results were also consistent with those of previous
studies in patients with other types of cancer, which sug-
gested the importance of the RFI or treatment-free interval
as a predictive marker of responsiveness to similar types
of chemotherapy after recurrence [16–18]. Additionally,
in the present study, the RFI cut-off value of 6 months
was better than that of 12 months for predicting better
outcomes and this finding may support the use of the
conventional exclusion criteria in clinical trials in the first-
line setting, which excluded patients who experienced
disease recurrence within 6 months after the last adjuvant
chemotherapy [5, 9, 11]. Therefore, selected patients with
an RFI of C6 months with sufficient organ function may be
adequately treated as chemo-naı¨ve patients with standard
chemotherapies such as S-1 plus cisplatin.
In contrast to the results for patients with an RFI
of C6 months, the response rate in patients with an RFI
of\6 months in the present study seemed to be worse than
that of commonly used second-line chemotherapy regimens
such as irinotecan and taxane combinations, which have a
reported response rate of approximately 20% for patients
with gastric cancer who received prior chemotherapy with
fluoropyrimidines alone [18–23]. Based on these results, it
may be suggested that the evaluation of chemotherapy reg-
imens other than S-1 plus cisplatin might be warranted for
the initial treatment of gastric cancer recurrence after adju-
vant S-1. The response rate of 5.0% in our subset of patients
with an RFI of\6 months was also lower than that reported
previously by Kang et al. for capecitabine plus cisplatin after
adjuvant chemotherapy (21%) [15]. The exact reasons for
this difference are unknown. One possible reason is that
Kang and colleagues did not use the same fluoropyrimidine
(capecitabine after doxifluridine or 5-FU), and this choice
might have contributed to a higher response in regard to
early recurrence, although rechallenge with different types
of fluoropyrimidine after the failure of another drug is still
controversial in several types of cancer [24–28]. Second, the
planned dose intensity of cisplatin as another key drug for
gastric cancer was higher in their capecitabine plus cisplatin
regimen (60 mg/m2 every 3 weeks) [15] than that in the S-1
plus cisplatin regimen (60 mg/m2 every 5 weeks). The









































survival (PFS) and overall
survival (OS) according to the
length of the recurrence-free
interval (RFI). Patients with an
RFI of C6 months had a
significantly longer median PFS
(6.2 vs. 2.3 months, P \ 0.001)
and OS (16.6 vs. 7.3 months,
P = 0.003) than patients with
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chemotherapy (irinotecan, taxane or irinotecan plus cis-
platin) for recurrence after adjuvant S-1 should be evaluated
in future clinical trials.
It is important to note the limitations of the present study.
First, it was retrospective, and treatment after recurrence
was selected by each physician individually. Considering
the low proportion of patients who received S-1 plus cis-
platin after recurrence (14.0%), the selected population may
have been biased toward patients with good performance
status (PS) and low tumor burden. Second, toxicity was not
evaluated in this study, although the proportion of patients
who discontinued S-1 plus cisplatin due to toxicity was low.
Third, human epidermal growth factor receptor 2 (HER2)
status was not evaluated. Trastuzumab, a humanized
monoclonal antibody against HER2, has recently been
shown to improve the prognosis of HER2-positive
advanced gastric cancer [29], and the HER2 status of all
gastric cancer types should be evaluated, even in this setting
of recurrent disease. Fourth, the moderate sample size in a
single-country study is another limitation; therefore, it
would be better to validate the significance of the RFI after
adjuvant failure on the PFS in other cohorts as well.
In conclusion, this is the first report to have evaluated
the efficacy of chemotherapy with S-1 plus cisplatin in
patients with gastric cancer that recurred after adjuvant
chemotherapy with S-1. S-1 plus cisplatin was effective
in such patients, especially in those with an RFI of
C6 months. Further well-defined, prospective trials in this
important patient population are required to identify opti-
mal treatment regimens.
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